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ELCIR Program -Engineering Learning Community Introduction to Research: A research and global experience program supporting first generation, low-income, and underrepresented minority students.
INTRODUCTION:
The College of Engineering at Texas A&M University has set some ambitious goals: to increase diversity in engineering and to better prepare the engineers who are joining today's global and dynamic workforce. Some of the issues that need to be addressed at our college are: 1) increase the retention of underrepresented minority (URM) and first generation students in engineering, 2) enhance the participation of those students in engineering research and study abroad programs, and 3) pave the way for those students to enroll in graduate programs in STEM areas. To help address these issues, the Access and Inclusion Program and the Global Engineering Programs joined forces to create what is today the ELCIR Program -Engineering Learning Community Introduction to Research Program.
The ELCIR Program is unique in that it engages freshman students from the very onset of their engineering careers in four rich experiences: 1) a hands-on research class, allowing students to identify their own research problem with the support of faculty and researchers, 2) a high impact global experience, 3) engagement with first-class researchers and research centers, and 4) a poster presentation of their research results at the end of the course to peers, faculty, and administrators. As part of the ELCIR program, students register/enroll in a research course, travel to Mexico to become immersed in binational research projects in major research labs, and write a research proposal. In addition, another unique aspect of this program is the synergy with the Yucatan Initiative, a collaboration effort between researchers from the College of Engineering at Texas A&M University in College Station, Texas and researchers from SIIDETEY, the Yucatan Research Consortium sponsored by the Yucatan government.
In the next sections, we will present the rationale for developing the ELCIR Program as well as the literature review, followed by the description of the 2015 and 2016 programs, methodology, and data analyses. To close the paper, we will present the results and draw conclusions based on the data that emerged from the study.
Rationale and Literature Review:
A study conducted by three researchers with the Center for International Business Education and Research found that almost 40% of U.S. companies surveyed missed international business opportunities because of a lack of internationally competent personnel. Given that 95% of consumers live outside of the United States, it is important for students to gain international experience (Daniel, Xie, & Kedia, 2014) . With those numbers in mind, the National Academy of Engineering states that a core need for engineers is to be able to work with a diverse, multinational, and multidisciplinary workforce. Therefore, engineering colleges must develop strategies that provide global perspectives and international experiences to help their graduates excel in this new world order (Borri, Guberti, & Melsa, 2007) .
Research abroad, internship abroad, and study abroad are some of the ways universities have found to provide a global perspective to students. However, not all of the students can afford to have a study/research abroad experience, especially first generation, low income, minority students. The College of Engineering at Texas A&M University is slightly above the national average with about 6% of the students studying abroad in a single academic year, and 25% by the time they graduate. Even though the offers of study abroad programs have grown in most colleges of engineering in the United States, they cannot reach all students mainly due to financial reasons.
The rationale behind this proposal was to create a program for underrepresented first generation ethnic minority students to be engaged in a research course during the spring and summer semesters of their freshman year. This course, led by an engineering faculty member, includes a research field trip to Mexico where students not only take an introduction to research course, but they also have the opportunity to get immersed in research labs and interact with researchers from Mexico and from their home university.
The 2015 Pilot Program
In 2015, with LSAMP'sthe Louis Stokes Alliance for Minority Programs -$25K seed funding and additional funding from the College of Engineering at Texas A&M Univeristy, we were able to launch the first of its kind: the Engineering Learning Community Introduction to Research (ELCIR) Program. The pilot program had the participation of 17 freshman first generation underrepresented students. However, the demand and the interest proved to be higher, as we had 55 students apply for only 17 spots covered by the seed grant.
The program took place during the Spring and Summer 2015 semesters. Once the 17 first generation underrepresented students were chosen, we started meeting with them as a group regularly during the Spring semester 2015, preparing them for the research class and the research field trip that was done in collaboration with the Yucatan Government and University of ANAHUAC in Yucatan, Mexico. Our first meeting with the students consisted of a general overview of the ELCIR Program, the Louis Stokes Alliance for Minority Programs (LSAMP) support, as well as a general study abroad orientation. Students were also introduced to the various research topics under the Yucatan Initiativea research effort between this large southern university and the Yucatan government. Under this initiative there were researchers from the southern university and from Yucatan working jointly on 5 areas: energy, coastal dynamics, logistics, aquifers and early warning systems. Students selected which area they would like to join and contribute to. During our second meeting, the students had an opportunity to observe a presentation and ask questions directly to the faculty member leading a research project; students were able to choose their research topic and faculty mentor. The third meeting consisted of a panel discussion of students from Merida, Yucatan, with topics including: studying at the College of Engineering at Texas A&M University, cultural differences, transitional issues, and adjustments in Merida. The last two meetings before the ELCIR students' departure on Sunday, May 17, involved discussing their class, cultural activities and research site visit schedule. From May 17-30, 2015 the students traveled to Merida, Yucatan where they took the introduction to research course at ANAHUAC MAYAB, had technical visits to the sites related to their research, and visited cultural sites such as Chichen-Itza. While in Merida, we communicated with the students (peer group meetings), the host faculty members, and our graduate student (chaperone) via skype.
Once the ELCIR students returned to their home institution in the United States, Texas A&M University, we met with them individually; meetings took place on campus face-to-face and also via skype, and the purpose of these meetings was to hear and record their experiences as well as to explain to them the next steps of the program. The one-on-one meetings were revelatory in that, every single ELCIR student, with the exception of one or two, expressed a genuine interest in continuing research, their career at their present institution, applying for an internship research experience abroad, and most importantly, solidified their commitment to engineering (i.e., retention). After their return, the ELCIR students continued to work on their research proposal, met with their faculty mentors, and participated in the ELCIR Online Learning Community; this learning community allowed them to share/post their thoughts, ask questions, and submit drafts of their work. To conclude the program, students presented their research proposal in a poster session on September 4h, 2015. The leadership of the college, faculty members, and new incoming engineering students attended the event. It is important to mention that we integrated this program to the Yucatan Initiative. That is important because researchers on both sides, Yucatan and their home University, participated in the program by mentoring the students.
During the semesters that followed the program, several students were engaged in research labs as student workers and participated in study abroad programs such as the India Research Internship, Chile Research Internship and the Qatar exchange program. The program also impressed the deans of the College of Engineering; the dean challenged us to offer this course/class for credit as well as to increase the number of participating students.
The 2016 ELCIR Follow up Program
With the continued support from LSAMP, and taking on the challenge given to us by our deans, we increased the number of participants to 28 and added, as part of the requirement, a 1-credit course: ENGR 291. Another addition to the 2016 program was the participation of an engineering faculty member, Dr. Zenon Medina-Cetina, as the faculty of record for the class, running the class and participating on the portion of the program that took place in Merida, Yucatan, Mexico; the faculty traveled with the ELCIR Students. The College of Engineering at Texas A&M University funded the faculty salary to support the efforts of Dr. Medina-Cetina.
For the 2016 program, 30 students were selected out of 70 applicants. Two of the selected students had to drop the class due to family reasons. After students were selected, they were enrolled in the ENGR 291 with Dr. Medina-Cetina. During the spring semester they participated in different workshops, including: introduction of the ELCIR Program purpose and goals, introduction to research topics, introduction to LSAMP/NSF sponsored responsibilities, research and research abroad expectations, seminar on cultural competency, expectations living with host families, traveling/departure official documents, etc. The 2016 program was done in collaboration with the Yucatan government one more time, and Universidad Marista in Yucatan, Mexico. During their time in Mexico, students stayed with host families, which allowed for a richer cultural immersion; participated in the introduction to research course taught by Dr. Medina-Cetina and the vice president for research at Universidad Marista, participated in research expeditions that are part of the Yucatan Initiative being led by the College of Engineering at Texas A&M University, and visited cultural sites. All 28 participants completed their research proposal and poster presentation, presenting their results.
Methodology:
A research course with a technical field trip to Mexico was employed with the goals of: improving student retention, developing research skills, increasing awareness and practice, and enhancing global competency attitudes. To assess the program impact, we developed mixed methods research questions with pre and post surveys. The preliminary research has shown positive results in terms of retention and global competency development.
The key personnel are: the Directors of Access and Inclusion and Global Programs, the faculty leaders, and a graduate student to carry out data collection and analysis.
Methods

Participants
Participant selection was based on a selective application process. Student qualification was evaluated through assessment of their grade point average (GPA), essay (Describe how this experience -Engineering Learning Community Introduction to Research in Merida, Mexico, Peninsula of Yucatan, will impact your life and career. What do you expect to gain out of this experience?), curriculum vitae, and a recommendation letter from a professor. Students in the 2015 cohort were also asked to meet minimum requirements: be a/an recipient of the Regents' Scholarship, underrepresented minority, and first generation college student. While the 2015 cohort was not provided any class credits, the 2016 cohort earned one credit for this class.
Seventeen freshman students participated in the program in 2015, with sixteen completing the surveys for the present study. The participants were from diverse backgrounds, with 75% (n=12) of participants being Hispanic or Latino of any race, 6% (n=1) African American, 6% (n=1) Native American, 6% (n=1) Asian, and 6% (n=1) "International," and 8 (50%) of the participants were female.
Forty-six freshman students participated in the study in 2016, of which 26 (57.5%) were female. Only 37 individuals completed the post-test survey. 59% (n=22) of those individuals were Hispanic or Latino of any race, 16% (n=6) were African American, 16% (n=6) were White, 5% (n=2) were multiracial, and 3% (n=1) were Asian.
There were a wide range of engineering majors represented (Table 1) . One person did not report their major for the 2015 cohort. Participants engaged in a two-week research class in the Yucatan Peninsula, Mexico. Activities included expeditions of local sites (e.g., Chichen Itza archeological site) and lectures by local professors of University of ANAHUAC and Universidad Marista on various topics (e.g., Coastal Dynamics, Early Warning Systems, Introduction to Research). The central objective of the program was for the students to create a research project in a selected area (e.g., Aquifers: Biogeochemical transformation of organic and inorganic contaminants in Yucatan cenotes; Biofuel incorporation into planes to lower CO2 emissions), collaborate with peers and professors to bring the research project to fruition, and present a poster of the results of their research during the final days of class.
Participants were provided a pre-and post-survey. Survey questions (see Appendix) were a combination of seventeen multiple choice, open-ended, and Likert response scales (1 being strongly agree and 5 being strongly disagree). Likert scale survey questions for 2016 were reverse-coded and on a 4-point Likert scale, thus 1 was associated with strongly disagree and 4 was associated with strongly agree. The questions covered the following topics: personal and professional skills, expectations of ELCIR experiences, research knowledge, prior research experience, plans for after graduation, and perceptions of cross-cultural knowledge and attitudes.
Statistical Analysis
To empirically evaluate the growth, decline, or stability of the students from pre-to postsurvey, paired t-tests were utilized. Central tendency measures (e.g., mean, minimum, maximum) were fundamental to the descriptive data analysis. Significance tests were conducted to compare whether mean value responses improved from pre-to post-survey. Improvement was gauged through a significance level of p<.1 or less (i.e., p<.05 or p<.01). Post-program analyses were also conducted in the form of retention rates, or whether the students are enrolled in the U.S. University 1 College of Engineering at Texas A&M as of the Spring 2017 semester, and intention (i.e., future academic plans). Qualitative data (e.g., choice of major) were also reported. While t-tests were used to analyze the differences in means from pre-to post-survey for the majority of questions, the written responses were analyzed for overarching themes.
Results
Research Experience
The 2015 ELCIR cohort participants were asked about prior research experience (see Table 5 ). It is evident that the majority of ELCIR participants (n=14) had no prior research experience before the ELCIR program. Only two other students had prior experience, one having a semester's experience and the other having two semesters of experience. ELCIR served as an experience that provided a foundation in basic research skills and experience for the majority of students.
The 2016 cohort were not provided with this question, and so it is unknown how much research experience they had. 
Personal and Professional Skills
The 2015 Cohort student perceptions of their personal and professional skills showed slight improvements ( Table 2 ). The purpose was to assess what difference, if any, the ELCIR program had upon students' skill development in a variety of areas. The results indicate that the participants felt confident in their own personal skills of a more general nature (e.g. leadership skills, working with others), but had less confidence when it came to specific research and writing skills (e.g. writing abstracts or proposals). Statistically significant differences between the pre-and post-test responses (at the p<.10 level), included the student's confidence in their ability to write a research abstract (p=.0344) and their ability to create a research poster (p=.0592), which are basic foundational skills useful to students who plan to engage in research throughout their undergraduate career. Mean responses indicate that, overall, students strongly agreed or agreed at pre-test with statements indicating higher confidence in their skills, which shows that they felt fairly confident before the ELCIR Program took place and it would be difficult to produce a significant positive change.
The 2016 Cohort showed remarkable improvements from pre-to post-test, with significant differences being found for all responses (Table 3 ). It should be noted once more that the scores for the 2016 Cohort were reverse-coded and only a 4-point Likert scale, so a score of 1 meant strongly disagree and a score of 4 meant strongly agree. This shows that those participating in the 2016 program felt they grew both in their personal and professional skills. While they showed a significant difference in their ability to write a research abstract and develop a research proposal, as the 2015 cohort did, they also showed significant differences in their confidence in their leadership skills, interpersonal skills, time-management skills, and their communication skills with others in their field. These differences from the 2015 cohort are likely due to the substantial changes made in the 2016 program.
Research Knowledge
The 2015 ELCIR participants were also able to indicate the level of knowledge they possessed in the area of research they were working on over the summer (Table 4 ). All responses on the posttest indicated a stronger tendency to feel knowledgeable in their research area than the participants did during the pre-test.
According to the post-test data, there were statistically significant differences between the preand post-test responses (at the p<. In 2016, all post-test responses were significantly different from the pre-test responses (Table 5) . Students felt they had gained knowledge of the processes of their research, the literature in their research area, the lab techniques relevant to their work, statistical analyses, interpretation of data, and how to apply research data. There was also a significant increase in knowledge of the 
Higher Education Goals
The 2015 ELCIR cohort were asked to share their current post-graduation plans (see Table 6 ). The majority of responses (n=14) indicated they planned to pursue a graduate level degree either in the near future or after obtaining some work experience. The remaining 2 individuals were uncertain about their future plans.
The 2016 cohort had similar patterns (Table 7) , with a shift towards more research-oriented plans after ELCIR took place. Only 2 individuals had no plans to go to graduate school, and 4 were unsure. The rest had an interest in pursuing graduate school in the future. 
Cross-Cultural Perspectives
Finally, participants were asked about cross-cultural perspectives, and their viewpoints on working and engaging with others of different backgrounds, challenges to their personal beliefs, self-concept, and cultural values.
For the 2015 cohort, there were no significant changes from pre-to post-test (Table 8) . The 2016 cohort, however, had many significant differences in their post-test results compared to their pre-test results (Table 9 ). This may be due to the fact that students in this cohort stayed with local families, as part of a "home stay," whereas the 2015 cohort had stayed in hotels. This may have had a greater impact on their cultural perspectives.
As the results show, students felt they had a greater purpose after ELCIR, along with better overall understanding of their cultural beliefs either in regards to themselves or to others. 
Academic Influence
Each student's overall GPA was calculated in an effort to obtain an independent and quantitative measure of improvement that was not based on the surveys alone (Tables 10 and 11) . While there were no significant differences between the two cohorts' overall GPAs from one semester to the next, both demonstrated improvement. The increase in grade differences among the 2016 cohort may be explained by the higher number of participants as well as marked differences between the pilot in 2015 and 2016 implementation of the program (e.g., instead of staying in hotels, students stayed with host families; after 2015, the class was worth 1 credit research hour).
Other changes to the ELCIR Program from the 2015 to the 2016 cohort were: 1) having an engineering faculty member from the Southern University travel with the students and co-teach the class, 2) hands-on during the lab tours rather than a more passive non-hands tour in 2015, which allowed for in-depth interaction(s) with Mexican researchers, and finally, 3) more engagement on the cultural activities while in Merida, Yucatan. 
Limitations
This study was only applied to first generation, low-income students who participated in an Engineering Success Program (ESP) first-year seminar.
Future Directions
Program outreach may be increased by offering the ELCIR Program more broadly to other first generation students at the College of Engineering at Texas A&M University who may not necessarily be included in the targeted ESP first-year seminar for first generation, low-income students.
Conclusion
Although these findings are preliminary, several positive conclusions can be identified in this study. Based on the students' answers, we can deduce that the experience helped the students to develop their personal and professional skills. For instance, there were statistically significant results in their confidence in research skills, the process of research, literature review, and cultural competency. Moreover, based on students' qualitative responses, this program allowed them to become more in touch with their engineer identity and encouraged thinking about professional work, furthering their careers beyond and undergraduate degree which, in turn, results in retention. Some of the students asserted that: "I believe that this research trip has greatly opened my eyes to the international world of engineers in the sense that we are all interested in innovation and work for the same causes."
"This research trip allowed me to incorporate my ethnic background and use that knowledge and experience when needed. I feel like I know more and know how to apply it in the working field."
With further study and positive findings, research courses abroad, when they include a team of faculty and researchers from both countries, may prove an impactful resource to the research engineering portfolio for first generation, low-income, minority students. It may also be an important key to improving retention, creating pathways to graduate school, and providing access and affordability to global experiences for more students who fall in this category. a) Go to graduate school full time for a Doctoral degree (PhD) in an engineeringrelated field b) Go to graduate school full time for a Masters (non-research oriented) in an engineering-related field c) Go to graduate school full time for a Masters (research oriented) in an engineering-related field d) Go to graduate school full time for a Medical degree (MD, DO) e) Go to graduate school full time for a Law degree (JD) f) Go to graduate school full time for a other advanced degree outside engineering (e.g. business, occupational therapy, psychology, etc.) g) Go to work, then not pursue a graduate degree h) Go to work, then pursue a doctoral degree in an engineering-related field i) Go to work, then pursue a masters (non-research) degree in an engineering-related field j) Go to work, then pursue a masters (research oriented) degree in an engineeringrelated field k) Go to work, then pursue a Medical degree (MD, DO) l) Go to work, then pursue a Law degree (JD) m) Go to work, then pursue an advanced degree outside engineering (e.g. math, physics, business, occupational therapy, psychology, etc.) n) I am uncertain o) Go to work, then pursue a masters (research oriented) degree in an engineeringrelated field p) Go to work, then pursue a Medical degree (MD, DO)
